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Purification and Characterization of P-Xylosidase B of Bacillus stearothermophilus No.236 Pro-
duced by Recombinant Escherichia coli. Chang, Uck-Jin, Ssang-Goo Cho, and Yong-Jin Choi*.
Graduate School of Biotechnology, Korea University, Seoul 136-701, Korea - B-Xylosidase B
was produced by Escherichia coli HB101/pKMG12 camrying the xylB gene of Bacillus stearothermophilus
No.236 on its recombinant plasmid. The P-xylosidase B produced was purified by ammonium sulfate
fractionation, DEAE-Sepharose CL-6B, Sephacryl S-200 and Superdex 200 HR gel filtration. The purified
enzyme showed the highest activity at pH 6.5 and 50C. But, the enzyme was observed to be very
sensitive to the pH and temperature of the reaction mixture. The enzyme was activated about 35% of
its original activity in the presence of 1 mM of Mn™ but it was completely inhibited by Ag’, Cu™ and
Hg” ions. In contrast with the B-xylosidase A, the B enzyme was found to have a-arabinofuranosidase
activity though the activity was fairly low compared with the o-arabinofuranosidase produced from the
arfl gene of the same Bacillus stearothermophilus. Therefore, B-xylosidase B is considered to be more
suitable than [B-xylosidase A at least for the biodegradation of arabinoxylan. The K, and V,, values of
the B-xylosidase B for o-nitrophenyl-a-D-xylopyranoside were 6.43 mM and 1.45 umole/min, respectively.
Molecular mass of the enzyme was determind to be about 54 kDa by SDS-PAGE and 160 kDa by Su-
perdex 200HR gel filtration, indicating that the functional B-xylosidase B was composed of three ident-

ical subunits.
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Table 1. Purification of B-xylosidase B from Bacillus stearothermophilus No.236

Purification steps

Total protein (mg) Total activity (Unit)

Specific activity (U/mg)  Yield (%) Purification fold

Cell free extract 1,042 314
Ammonium sulfate 467 197
DEAE-Sepharose CL-6B 4.5 21.4
Sephacryl S-200 0.6 6.2
Superdex 200HR 10/30 0.1 2.1

03 100 1
0.4 62.7 1.4
4.7 6.8 15.7
10.7 2.0 35.7
17.7 0.7 58.7
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Fig. 1. SDS-PAGE monitering of the major steps of the B-xylosidase B purification (A) and molecular weight estimation of the

B-xylosidase B by gel filtration (B).

(A) SDS-PAGE was performed on a 8% polyacrylamide gel. lane 1, protein molecular weight markers; lane 2, crude extract; lane 3,
ion exchange column effluent; lane 4, Superdex 200 HR 10/30 effluent; lane 5, zymogram analysis of the lane 4. An arrow indicates

the B-xylosidase B.

(B) Superdex 200 HR 10/30 column was used. The standard proteins used were as follows: 1, aldolase (158 kDa); 2, bovine serum al-
bumin (66 kDa); 3, chymotrypsinogen A (25 kDa); 4, ribonucleaseA (13.7 kDa). An arrow indicates the purified B-xylosidase B.
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Fig. 2. Effect of pH on the enzyme activity.

Enzyme activity was measured in various pH range from 4.0 to
9.0 (@, 50 mM acetate buffer; B, 50 mM phosphate buffer; A,
50 mM Tris-Cl buffer). Enzyme reaction was carried out at 45
for 30 min. Relative activity represents the relative value to the
maximum enzyme activity at pH 6.5.
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Fig. 3. Effect of pH on the enzyme stability.

Enzyme solution was incubated at 4C for 24 h in 50 mM , 50
mM acetate buffer (@, pH 4.0-6.0), 50 mM phosphate buffer (B,
pH 6.0-8.0) and 50 mM Tris-Cl buffer (A, pH 8.0-9.0). After in-
cubation, enzyme reaction was carried out at 45C for 30 min
and then the residual activity was measured.
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Fig. 4. Effect of temperature on the enzyme activity.

Enzyme reaction solution in 50 mM phosphate buffer, pH 6.5,
was incubated for 30 min at various temperatures as in the figure.
Relative activity was determined to be relative value to the ac-
tivity at 50C.
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Fig. 5. Effect of temperature on the enzyme stability.
Residual enzyme activity was measured at 45°C for 30 min al-
lowing the enzyme solution to stand at various temperature for 1
h intervals. Relative activity was represented as the percentage
of the untreated control activity.
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Table 2. Effect of metal ions on B-xylosidase B activity

Metal ions Relative activity (%)
None 100
Ag' 2
Ca™ 73
Co™ 110
Cu® 1
Fe™* 107
Fe* 57
Hg™ 2
Li* 79
Mg™* 102
Mn* 135
Zn* 12

Enzyme reaction was carried out 50C for 20 min in the pres-
ence of various metal ions at a final concentration of 1 mM.

Table 3. Substrate specificity of the B-xylosidase B

Specific activit
Substrate P ¥

(U/mg)
o-Nitrophenyl B-D-xylopyranoside 9.410
p-Nitrophenyl B-D-xylopyranoside 2.513

p-Nitrophenyl a-L-arabinofuranoside 1.673

p-Nitrophenyl o-L-arabinopyranoside 0.046
p-Nitrophenyl o-D-galactopyranoside 0.000
p-Nitrophenyl B-D-galactopyranoside 0.000
p-Nitrophenyl o-D-glucopyranoside 0.196
p-Nitrophenyl B-D-glucopyranoside 0.000
p-Nitrophenyl o-L-fucopyranoside 0.000
p-Nitrophenyl B-D-fucopyranoside 0.000
p-Nitrophenyl B-L-fucopyranoside 0.000
p-Nitrophenyl B-D-mannopyranoside 0.000
p-Nitrophenyl o-L-rhamnopyranoside 0.000

Substrate specificity was measured by incubating 0.1 ml of each
substrate (10 mM) with the same volume of enzyme solution at
45 for 20 min. Enzyme reaction was terminated by adding 2
ml of Na,CO; (0.4 M) and the released nitrophenol was quan-
titated by measuring absorbance at 405 nm.
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o] w3t m=FwtEd, Sephacryl S-200 ¥ Su-
perdex 200HR A ZZvtEael o] A& AH A A8}
gon AAE E4E SDS-PAGE ¥ zymogram 43S
%3l B-xylosidase B A ]S stelsldct. AA) B-
xylosidase B HRS-e] o] Fro 2Eof ¢
w7bete 34 24 pH 2 2%+ 247} pH 6,59 50CE
AA =t B-Xylosidase A2 1 mM Mn* 37}l 2
8] oF 35% A3 & Bolov Agh, Cu* 2 Hg” 52
FFEo] 22 EAstllAE Ao kg A e vepl
e} =3 B §4F 812 Exe ¢t aqarabinofur-
anosidase &A% 743 lel B. stearothermophilus No
2362] B-xylosidase A &4 ¥} 4% arabinoxylan®]
3ol gloiA] o] St B2 Fed= grnitrophenyl
-B-D-xylopyranoside 71 ¢l & K,, 33 Vo 362 2
Zt 6.43 mM#} 1.45 pmol/min2 A4r=lg]c). g4, B-
xylosidase B #4182 gel oo 2= <F 160 kDa,
Z.2]5. SDS-PAGE®] 9Jaix= o 54 kDag2 =4l =
B Z4E trimer?] 725 /A S-S & 5 Ak

REFERENCES

1. Baba, T., R. Shinke, and T. Nanmori. 1994. Identification
and characterization of clustered genes for thermostable
xylan-degrading enzymes, B-xylosidase and xylanase of



302

10.

11.

CHaNG et al.

Bacillus stearothermophilus 21. Appl. Environ. Microbiol.
60: 2252—2258.

. Bae, S. H. and Y. J. Choi. 1991. Purification and charact-

erization of extracellular xylanase of Bacillus stearoth-
ermophilus. Kor. J. Appl. Microbiol. Biotechnol. 19: 592
—597.

. Biely, P. 1985. Microbial xylanolytic systems. Trends

Biotechnol. 3: 286—290.

. Cho, S. G, S. S. Park, Y. L. Park, and Y. J. Choi. 1992.

Molecular cloning and expression of an endo-xylanase
gene from Bacillus stearothermophilus into Escherichia
coli. Kor. J. Appl. Microbiol. Biotechnol. 20: 271—279.

. Cho, S. G. and Y. J. Choi. 1997. Catabolite repression of

the Bacillus stearothermophilus B-xylosidase (xylA) in Ba-
cillus subttlis. J. Microbiol. Biotechnol. 8: 21—27.

. Cho, S. G. and Y. J. Choi. 1997. Regulation of B-xy-

losidase (XylA) synthesis in Bacillus stearothermophilus.
J. Microbiol. Biotechnol. 8: 14—20.

. Eom, S. J., S. G. Cho, and Y. J. Choi. 1995. Purification

and characterization of the o-L-arabinofuranosidase Escher-
ichia coli cells harboring the recombinant plasmid pKMG
11. Kor. J. Appl. Microbiol. Biotechnol. 23: 446—~453.

. Gasparic, A., J. Martin., A. S. Daniel, and H. J. Flint.

1995. A xylan hydrolase gene cluster in Prevotella rum-
inicola B14: Sequence relationships, synergistic interac-
tions, and oxygen sensitivity of a novel enzyme with ex-
oxylanase and B-(1,4)-xylosidase activities. Appl. Environ.
Microbiol. 61: 2958—2964.

. Kim, I. S, S. G. Cho, and Y. J. Choi. 1993. Molecular

cloning and expression of the acetyl xylan esterase gene
of Bacillus stearothermophilus in Escherichia coli. Kor.
J. Appl. Microbiol. Biotechnol. 21: 542—548.

Lowry, O. H., N. J. Rasebrough, A. L. Farr, and R. J.
Randall. 1951. Protein measurement with Folin phenol
reagent. J. Biol. Chem. 193: 265—275.

Mun, A. R. and Y. J. Choi. 1992. Purification and
characterization of exo-xylanase from Escherichia coli

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

cells harboring the recombinant plasmid pMGI1. Kor. J.
Appl. Microbiol. Biotechnol. 20: 574—582.
Oh, H. J. and Y. J. Choi. 1994. Sequence analysis of B-
D-xylosidase gene from Bacillus stearothemophilus. Kor.
J. Appl. Microbiol. Biotechnol. 22: 134—142.
Oh, S. W., S. S. Park, Y. L. Park, and Y. J. Choi. 1992.
Molecular cloning and expression of Bacillus stearoth-
ermophilus B-D-xylosidase gene in E. coli. Kor. J. Appl.
Microbiol. Biotechnol. 20: 136—134.
Shao, W. and J. Wiegel. 1992. Purification and charact-
erization of a thermostable B-xylosidase from Thermoan-
aerobacter ethanolicus. J. Bacteriol. 174: 5848—5853.
Singh, P. S. 1979. Principles of pulp bleaching, pp. 15—
28. In P. S. Singh(ed.), The Bleaching of Pulp, 3rd ed.
Tappi Press, Atlanta.
Song, H. S. and Y. J. Choi. 1989. Production of xylan-
ase by Bacillus stearothermophilus. Kor. J. Appl. Mi-
crobiol. Biotechnol. 17: 289—294.
Suh, J. H,, S. G. Cho, and Y. J. Choi. 1996. Synergic ef-
fects among endo-xylanase, B-D-xylosidase, and o-L-ara-
binofuranosidase from Bacillus stearothermophilus. J. Mi-
crobiol. Biotechnol. 6: 179—183.
Suh, J. H., S. G. Cho, and Y. J. Choi. 1996. Molecular
cloning and expression of the B-xylosidase gene (xyIB) of
Bacillus stearothermophilus in Escherichia coli. J. Mi-
crobiol. Biotechnol. 6: 331—335.
Suh, J. H. and Y. J. Choi. 1994. Chemical modification
of the B-D-xylosidase from Bacillus stearothermophilus.
Kor. J. Appl. Micorbiol. Biotechnol. 22: 636—642.
Trubacek, I. and A. Wiley. 1979. Bleaching and pollu-
tion, pp. 423—461. In P. S. Singh(ed.), The Bleaching of
Pulp, 3rd ed. Tappi Press, Atlanta.
Wong, K. K. Y, L. U. L. Tan, and J. N. Saddler. 1988.
Multiplicity of endo-xylanase, B-1,4-xylanase in microorg-
anisms: Functions and applications. Microbiol. Rev. 52:
305—317.

(Received February 27, 1998)



